region of the winter hemisphere.
Our principal results are as follows: (1) 
I. Introduction
Over the years the effects of geomagnetic storms on the ionosphere/thermosphere system have attracted much interest. [1935] Mayr et al., 1978; Hedin et al., 1977; Pr61ss et al., 1988;  et al., 1987; Crowley et al., 1989; Fuller-Rowell et al., 1991; 1994] . Among other work, in this paper we reconcile observations of neutral composition with model output and describe a mechanism that explains these changes. An important difference between the models and the observations is that the models use constant pressure surfaces, whereas the data are measured at sets of constant heights along satellite orbits.
Appleton and lngram
This difference has yet to be explored fully, but Pri_lss [1987] showed that when gas densities in storm times were compared with gas densities in quiet times, the low-and low-to middle- However, because he used the N2/O ratio rather than the O/N 2 ratio, he concluded that the ratio was only moderately affected by the coordinate transformation. As we will show later, the differences seen when using the O/N 2 ratio can be quite pronounced (a -50% increase at least) during large disturbances, and this has the potential to affect electron densities.
A number of observers have noted that temperature changes also occur at low and low-middle latitudes during geomagnetic storms.
Biondi and Sipler [1985] and Biondi and Meriwether 1986; Forbes, 1989; Pr_lss et al., 1991; Mendillo et al., 1992) . At the same time that these "positive storm effects" occur, the height of the F 2 layer rises [e.g., Pr_lss et al., 1991] . This rise in altitude is accompanied by an increase in the thickness of the F 2 layer and an increase in total electron content [e.g., Hargreaves and Bagenal, 1977; Buonsanto et al., 1979; Jakowski et al., 1990] . Furthermore, Rishbeth and Edwards [1989, 1990] 
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It hasbeen difficult toevaluate therelative merit ofthese explanations because ofalackofhard evidence upon which to basea decision. For example, ground-based optical instruments onlymakemeasurements duringthenight, so neutral windandtemperature dataarelacking duringthe daylight hours. Also, thedistribution of these stations, which tendto belocated at highandhigh-middle geomagnetic latitudes, is notideal forobserving low-andlow-tomiddlelatitude phenomena, such asthese changes in thecirculation andtemperature structure. Satellite data areavailable, butthe problem ofstorm-related windand temperature changes atlow andlow-middle latitudes hasnotbeen studied inmuch detail (however, see Burns and Killeen [1992 a, b]; and Burrage et al. [1992] [1981, 1984] , noble et al. [1982, 1987a, 1988] , Richmond et al. [1992] , and noble and Ridley [1994] . In this paper we use the thermosphere/ionosphere version of the model (TIGCM).
Various publications have discussed the use of both the NCAR-TIGCM that is described above and the University College London-thermospheric general circulation model (UCL-TGCM) [Fuller-Rowell and Rees, 1980, 1983; FullerRowell et al., 1987] to understand geomagnetic-storm-induced changes in the thermosphere [e.g., Fuller-Rowell and Rees, 1981; Rishbeth et al., 1985 Rishbeth et al., , 1987 noble et al., 1987b; Forbes et al., 1987; Crowley et al., 1989; Fuller-Rowell et al., 1989 , 1991 , 1994 Burns et al., 1991 Burns et al., , 1992a Deng et al., 1991 Deng et al., , 1993 
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Figure 4 displays thedifferenced neutral winds forseveral orbits, each onecorresponding to a different geomagnetic storm. Middle-and low-latitude wind data were available forall ofthese winter and equinox passes. Inallcases, sufficient time haspassed sincethe startof the stormto permit the dissipation of thelarge wave thatis generated bytheinitial upwelling atthestart of thestorm [e.g., Mayr et al., 1984; Pr61ss, 1993;  
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LATITUDE/LOCAL 'rIME In the third panel of Figure  10 , Last, we examine the data to see whether a consistent pattern in the O/N 2 ratio changes can be found by using a set of constant pressures rather than a set of constant heights.
Changes on Constant Height Surfaces: DE 2 Data
The first such plot, Figure  11, These were of the order of 1000-1100% (10 to 11 times), so scales had to be chosen that would accommodate these large increases.
However, even at the lowest latitudes for which data were available, N 2 densities increased by 30% during this orbit.
The pattern of O/N 2 changes along the satellite track is much more complex ( Figure  13 ). In practice it is probably better to say that there is no pattern equatorward of the region of large (>50%) reductions. In all three cases there was a region poleward of these depletions where N 2 densities increased: increases were about 100% at 45°during the September 6 storm, about 100% at 60°during the December 8 storm, and about 500% at 60°d uring the March 2 storm.
These changes in O and N 2 density have a profound effect on the O/N 2 ratio. At low-to middle-latitudes, increases were seen in the O/N 2 ratio at constant pressures during all three storms ( Figure  16 ). These increases were as high as 50% et al., 1978; Hedin et al., 1977; Pri_lss et al., 1988 
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O. et al., 1971; Blamont and Luton, 1972; Chandra and Spencer, 1976; Nisbet et al., 1977] . 
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